INTRODUCTION
Electricity is vitally important for modern economies. It enables consumers to use appliances such as computers, medical devices, telecommunication appliances and transport vehicles; all of which increase the quality of life (Dilaver and Hunt, 2011) . The generation and consumption of electricity by industries and households has also followed an increasing trend since the industrial revolution due to its underlying importance to different sectors of the economy. The electricity sector is regarded as one of the biggest contributors to the global emission of CO2 due to the use of fuels like crude oil and coal for power generation. Furthermore, the per capita electric power consumption for the OECD from 1978 to 2008 depicts an upward trend from 1978 with a 71.4% rise over the 31-year period. Marginal reductions in electricity consumption were however witnessed from 1991 to 1992 and 2007 to 2008 with 0.50% and 0.71% decline respectively. By 2010, the OECD still accounts for 51.1% of electricity generated globally (IEA, 2011) . And with respect to per capita total energy consumption in the OECD, it reduced from 1980 to 1983 by approximately 10% following a 2.5% increase from 1978 to 1979. Per capita total energy consumption has however followed an increasing trend from 1984 to 2008 except for few periods of marginal reduction witnessed in 1989, 1998, 2001, 2006 and 2008 .This trend notwithstanding, the total energy and electricity price in real terms showed significant structural breaks. This can be explained by the significant fluctuations in energy price that has characterised the energy industry since 1973. Electricity price rose sharply in 1980 by 7.6% following a 1.2% reduction in 1979. The increasing trend continued from 1980 to 1983. The periods from 1987 to 1989 and 1993 to 2000 witnessed a 5% and 13% fall in electricity price respectively. However, electricity price has been on a steady increase since 2000.
Available data indicates some volatility in total energy and electricity prices, OECD consumption and economic growth, which have followed an increasing trend. This by implication indicates that increased usage of energy can lead to more growth or that increased growth can lead to more energy consumption. Whichever way one looks at it, it presents the case of the much-discussed climate change. The emission of carbon dioxide (CO2) and other greenhouse gas emissions are regarded as one of the salient issues affecting the global economy due to its damaging effect on the world atmosphere. This issue led to the move by the United Nations' Framework Convention on Climate Change through the much-publicised Kyoto Protocol, later amended by the Doha agreement in 2012, to address the rapid rise in carbon emission. Although the OECD accounts for 18% of world population, more than half of global consumption-based emission (1550 Million tonnes of CO2) is still attributable to OECD consumption (Nakano et al. 2009 ). This however poses a challenge to climate security and set targets by policy makers concerning energy conservation and emission reduction. According to the Kyoto1 agreement, countries (mostly industrialized) agreed to reduce carbon emission relative to 1990 levels. For example, the United Kingdom agreed to reduce carbon emission by 20% of 1990 levels in 2010. However, some of the highest emitters like Australia and United States2 refused to be signatories to the treaty due to their inability to guarantee reductions in carbon emission to meet set targets.
The issue of carbon emission and climate change has also led to a spectrum of empirical studies on the relationship between energy consumption and GDP in a bid to provide robust policy recommendations to tackle the unprecedented rise in the emission of CO2 and other greenhouse gases. More so, the implementation of policies based on inconsistent empirical results and recommendations could be detrimental to the short and long term macroeconomic targets of any economy. In line with this, it is thus vital that policy makers are furnished with reliable and consistent estimates and recommendations on the relationship between energy consumption and GDP in the process of formulating and implementing energy reduction policies. Due to its position as the biggest consumer of energy globally and its mission to promote policies that will improve the economic and social wellbeing of people around the world, the importance of having a robust understanding of the OECD's energy causality estimates and position cannot be over emphasized. In addition, the investigation of causality between energy consumption and GDP has been known to given contradictory results in past research works due to differences in data sets and methodologies employed. This paper is unique as it contributes to the existing literature by employing newly developed panel data empirical techniques and an extended data set (when compared to Lee and Lee 2010) to estimate OECD demand models and determine the nature or direction of causality between GDP, electricity consumption and total energy consumption in the OECD. This research work also estimates both a fixed effect model using Ordinary Least Squares (OLS) method and the Generalized Method of Moments (GMM) estimator to compare and contrast estimated results of causality in the total 1 Kyoto protocol is an international agreement linked to the United Nations Framework convention on climate change (UNFCC) 2 The United States alone is the largest generator of electricity in the world accounting for approximately one quarter of world's electricity (Narayan et al. 2007) .
energy demand and electricity demand models. The rest of this study is organized as followed. The next section reviews the relevant literature in energy demand modelling, OECD energy demand and causality surveys. Section three explains the methodology, empirical results and the requisite economic interpretation while the final section concludes the study.
REVIEW OF RELATED STUDIES IN CAUSALITY BETWEEN ENERGY CONSUMPTION AND GDP
A number of studies that have investigated the relationship between energy consumption and GDP have cited the work of Kraft and Kraft (1978) as the pioneering study in this area of research. They employed a Bivariate Simms causality test to investigate the relationship between GNP and energy consumption in the United States from 1947 to 1974. However, according to Al-Iriani (2006), Sims (1972) and Granger (1969) causality techniques have been widely criticized as yielding inconsistent results. As a result, the use of cointegration and error correction models has gained more grounds in this area of research. More so, another limitation of the work of Kraft and Kraft (1978) is the short time span of the time-series data employed.
Due to the underlying differences in data sets, sample periods and methodologies, there has been a long-lasting argument on the most appropriate methodology for investigating causal relationships as a result of inconsistencies in results. More importantly, the disparities in the quality of estimated results between time series and panel based models have also been widely discussed. This study will look at a selected number of studies based on data set and methodologies (time series and panel based ones) as it relates to causal relationships in both OECD and non-OECD countries. After the findings of Kraft and Kraft (1978) , Akarca and Long (1980) , Erol and Yu (1987a) , Yu and Choi (1985) , and Yu and Hwang (1984) all discovered no causality between energy consumption and GDP using time series methodology. Soytas and Sari (2003) found causality to run from GDP to energy consumption in South Korea from 1953 to 1991 whereas, Oh and Lee (2004) , using the Vector Error Correction Model (hereafter, VECM) and data set from 1981 to 2000 for the same country found no short run causality between energy consumption and GDP but their long run findings are similar to the results found by Soytas and Sari (2003) . Magazzino, C., (2016) assessed the relationship among real GDP, CO2 emissions and energy use in South Caucasus (Armenia, Azerbaijan and Georgia) and Turkey using a time series methodology. The study found energy use and CO2 emissions drive real GDP in Armenia confirming a unidirectional causality from economic growth to energy consumption while the feedback hypothesis was established for Azerbaijan and Georgia. No causality link was found for Turkey between economic growth and energy consumption. Magazzino, C., (2016) also examined the relationship between CO2 emissions, energy consumption and economic growth in Italy between 1970-2006 using the VAR methodology and found that the three estimated variables are not cointegrated. Lee (2005) assessed the co-movement and the causal relationship between energy consumption and GDP in 18 developing countries employing tests of panel unit roots, heterogeneous panel cointegration and panel-based error correction models to determine the short and long run causality between energy consumption and GDP. The long run relationship of the variables was estimated using the FMOLS technique. Evidence from the study suggested that long-run and short-run causality run from energy consumption to GDP, but not vice versa. Mahadevan and AsafuAdjaye (2000) investigated the relationship between energy consumption and economic growth using panel error correction model on 20 net energy importers and exporters from 1971 to 2002. Both panel and individual VECMs were estimated for appropriate comparison. They discovered that among the energy exporters, there is bi-directional causality between economic growth and energy consumption in the developed countries in the short-run and long-run, while in the developing countries, energy consumption stimulates growth only in the short-run. Having used consumer price index (CPI) as proxy for real energy price, Lee and Lee (2010) argue that CPI may very well not capture the real energy price and its use might lead to misleading results. Al-Iriani (2006) investigated the causal relationship between GDP and energy consumption in 6 countries of the Gulf Cooperation Council (GCC) using GMM to estimate a panel VECM. The findings suggest that uni-directional causality runs from GDP to energy consumption thereby suggesting a reasonable point for policy makers to implement energy conservation measures without affecting the economies negatively. Magazzino, C., (2017) also investigated the relationship among economic growth, carbon dioxide emissions and energy use for 19 AsiaPacific Economic Cooperation (APEC) countries (1960-2013) using a panel Vector AutoRegression model (VAR) approach to estimate a three variable VAR. The study, using a new panel cointegration technique, found no causal relationship between real GDP and energy use.
Hsiao's criterion was used by Altinay and Karagol (2004) to test for causality between GDP and energy consumption in Turkey from 1950 to 2000. The neutrality hypothesis was however established as they found no causality between the two variables. Huang et al (2008) employed the GMM estimator to estimate a Vector Autoregressive Model (hereafter, VAR) for 82 countries from 1972 to 2002. The countries were divided into four categories namely: low income group, lower middle income group, upper middle income group, and high income group. Neutrality hypothesis was established in the low-income group while in the middle-income group, GDP was found to cause energy consumption. However, in the high-income group, which is the area of concern of this research work, economic growth has a negative effect on energy consumption. Magazzino, C., (2016) however, using the same panel VAR methodology for 10 middle east countries (six Gulf Cooperation Council (GCC) and four non-GCC countries ) over the period found that for the four non-GCC countries investigated, energy use does not have an impact on growth. According to Oh and Lee (2004) , one of the limitations of the VAR model is its inability to give information on long -run relationships in granger causality as the long run information is removed after first differencing. They however, stated that the VECM is more useful in providing long-and short-run information in granger causality testing. Narayan and Prasad (2008) employed the bootstrap simulation technique to investigate the nexus between electricity consumption and real GDP in 30 OECD countries. The approach, which was pioneered by Efron (1979) , recycles information in the sample by simulations and the critical values of the bootstrap technique have been found to be robust when rejecting or failing to reject the null of no granger causality. In their findings, uni-directional causality was found from electricity consumption to GDP in Australia, Iceland, Italy, Slovak Republic, Czech Republic, Korea, Portugal and the United Kingdom. It suggests that electricity conservation policies will have a negative impact on economic growth. However, the results of the remaining 22 OECD countries suggest otherwise as electricity conservation policies will not have a negative effect on economic growth. In other time series approach, Magazzino, C., (2015) investigated the relationship between energy use and GDP in Israel between 1971 and 2007 and results confirmed that the direction of causality is from aggregate income to energy use and while investigating the causal relationship between energy consumption and GDP in Italy, Magazzino, C., (2015) found during the period 1970-2009, the direction of causality is from energy use to GDP in the short run and there is a long run-bi-directional causality between the two variables.
Apergis and Payne (2010a) investigated the causal relationship between renewable energy consumption and economic growth in 25 OECD countries using panel heterogeneous cointegration tests, FMOLS and VECM to tests for long run relationship among the variables and the causal effects respectively. More so, due to the substantial contribution of coal to emission of CO2 and other greenhouse gases, Apergis and Payne (2010b) examined the relationship between coal consumption and economic growth for 25 OECD countries using the same aforementioned panel estimation techniques. Constantini and Martini (2010) performed a comprehensive panel survey of 71 countries which included both 26 OECD and 45 non-OECD countries and on four end use sectors; industry, service, transport and residential. They used the FMOLS developed by Pedroni (2000) to test the long-run relationship of energy consumption and GDP before employing the VECM to test for causality. Given the limitations of estimating a bivariate model which does not give room for addition channels of causality (Lee and Chang 2008), both bivariate and trivariate models were estimated. The bivariate VECM was constructed to account for structural breaks with specific temporal dummy variables for each single country reflecting results from structural break tests. When the bivariate VECM was performed on the whole economy, they found short-run bi-directional causality and a uni-directional long-run relationship where economic output is a driver for energy consumption and not vice versa. However, when the trivariate VECM was estimated, the results differ due to the addition of energy price in the relationship. This cast some doubt on the ability of bivariate models to shape causal relationship between energy consumption and GDP especially when considering different sectors.
Chontanawat et. al (2008) tested for causality between energy consumption and GDP using a consistent data set for over 100 countries. The study, which included 30 OECD countries and 78 non-OECD countries discovered that causality from energy to GDP is found to be more prevalent in the developed OECD countries compared to the developing non-OECD countries. This implies that energy conservation policies aimed at reducing emissions is likely to have greater impact on the GDP of the developed rather than the developing world. Lee and Lee (2010) also employed GMM in a panel context to estimate the short and long run causality for total energy and electricity demand model in the OECD. They found reciprocal causal relationships among GDP, energy price and energy consumption in the total energy model while uni-directional causality was found to run from income and electricity price to electricity consumption in the OECD. However, they used GDP per capita (constant 2000 US$) which is not as widely used as GDP per capita using purchasing power parity (PPP) especially when dealing with a panel of different countries. Thus, this study will use GDP per capita (PPP) to account for economic activity in the total energy demand and electricity demand models. Table 2 .1 presents the overview of selected studies on the relationship between energy consumption and GDP. 
METHODOLOGY AND DATA SOURCE

Model Specification
The study adapts the methodology of Al-Iriani (2006) in the panel VECM estimation as well as those of Lee and Lee (2010) . This methodology follows the specification of two log-linear models of total energy and electricity demand:
Total Energy Demand Model:
TECit= αi +βi GDPit +γiTEPit + Ԑit (1) Electricity Demand Model: EPCit= αi + φi GDPit +θiREPit + ηit (2)  Where: This study also aims to investigate the relationship between energy consumption and GDP in one relationship, and electricity consumption and GDP in another relationship respectively. The first step is to estimate a long-run relationship using the unit root test and the second step is to use the residuals from the long-run regression as an error correction term in a dynamic short-run equation. This is widely known as the two-step Engel and Granger procedure. Both OLS and the GMM estimators will be used to estimate the respective relationships specified as:
Where:
 Δ is the difference term  θ and represent fixed country effects  k (k = 1, …, m) is the optimal lag length determined by Schwarz Information Criterion  ECT is the error correction term derived from the FMOLS estimation  λ and γ are adjustment terms  μ is the error term  All variables remain as named in equations 1 and 2.
The aim of this section as explained above is to estimate VECMs for the two models using OLS and the one-step GMM technique introduced by Arellano and Bond (1991) . The idea is to compare and contrast both techniques for appropriate analysis. In a dynamic panel model, panel data literature explains that introducing a lagged dependent variable causes problems in the model. This is because the error terms are correlated with the dependent variables and hence with the lagged dependent variables so the regressors will still be correlated with the error term. To correct this problem, the first step is to eliminate the country-specific effects by taking the first differences of the variables. However, this introduces serial correlation in the disturbances so instruments are introduced to the model. So long as the instruments are not correlated with the error term and the error terms are not serially correlated. This procedure will use m=4 as number of instruments as used by Lee and Lee (2010) . To test for the direction of causality, the significance of all the coefficients of the independent variable in the over-parameterised models will be investigated. For short run causality, the following are tested:
Ho: θ 12k =0 for ΔGDP for all k in equation (7) Ho: θ 22k =0 for ΔTEC for all k in equation (8) Ho :
=0 for ΔGDP for all k in equation (9) Ho:
=0 for ΔEPC for all k in equation (10) Long run causality can be determined by employing the t-test on the estimates of the speed of adjustment terms (λ i and γ i ) which represents the coefficients of the error correction terms. H o : λ i =0 is tested for the respective speed of adjustment terms in equations 9 and 10 while H o : γ i =0 is tested for the respective speed of adjustment terms in equations 15 and 16. A joint test is then conducted to check for strong causality where the variables bear the burden of a short-run adjustment so as to reestablish a long run equilibrium following a shock in the system (Lee and Chang 2008). After testing for causality, the restricted short-run model will be presented after dropping all insignificant variables from the model to derive the short-run price and income elasticities of both models.
The unit root was done using the IPS, Fisher-ADF and Fisher PP tests. This was based on the following autoregressive model: (11) Where:  y it is a variable being examined, i= 1, 2 ... N is the number of cross-section units and t=1, 2...  T i represents the observed time periods.  X it represents exogenous variables in the model including any fixed and individual trend,  ρ i represents the autoregressive coefficients and  μ it is a stochastic error term.
When the test is carried out and ρi is greater than 1 (ρi>1), then y it is said to be weakly trend stationary. However, if ρi=1, then there is presence of unit root in variable y it .
These tests all assume that ρi may vary across countries following an individual unit roots process. The combination of the individual unit roots tests gives a panel-specific result. The IPS test is based on the group-mean approach and it specifies separate ADF estimation for each country.
This study utilized an annual data set that covered the period 1978 to 2008 for 24 OECD countries namely: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Japan, South Korea, Luxembourg, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom, and the United States. The choice of these countries was based on data availability. Of the 34 OECD countries, the relevant data sets for this survey were unavailable for the remaining 10 countries. The data was sourced secondarily from the International Energy Agency (IEA). These data include gross domestic product per capita in billion 2000 US$ using Purchasing Power Parity (PPP); total energy consumption in kilo tonnes of oil equivalents per capita and electric power consumption in kilowatts/hour per capita. The indices of real electricity price and total energy price, was sourced from industry and households of the respective OECD countries using base year 2005 = 100. 2003), ADF fisher chi square and PP fisher chi square tests all suggest that the variables are integrated of order 1, I(1). All the series were found to be significant at 1% after taking the first difference. After investigating the stationarity properties of the variables, we can therefore conclude that the variables are stationary at first difference and integrated of the same order. We therefore proceed to test if there is a long run relationship among the variables. Notes: ***, ** and * denote significance at 1, 5 and 10% levels. P values are given in parenthesis and all tests assume presence of a unit root under the null hypothesis. The Fisher tests are computed using an asymptotic Chisquare distribution. The Modified Schwarz Information Criterion (MSIC) is used to select the optimal lag length.
EMPIRICAL ANALYSIS
Panel Unit Roots Test Results
Granger Causality Results
The OLS results for granger causality of the total energy and electricity demand models are presented in tables 4.6.1 and 4.6.2 respectively. Using a lag of up to two years3 as the optimal lag length, the joint significance of the coefficients of the lags of GDP and TEC in equations 9 and 10 respectively are determined using the standard F-test. Short run causality is estimated given that the dependent variable responds to short-term shocks to the stochastic environment (Asafu-Adjaye, 2000, Oh and Lee (2004) , Mansih and Mansih 1996). Since we have estimated an ECM, the coefficient of the ECT4s provides estimates of long-run causality as their coefficients represent how fast deviations from the long run equilibrium are eliminated following changes in each variable (Oh and Lee, 2004) . In the total energy model with energy consumption as the dependent variable, there exists a positive short-run relationship between energy consumption and GDP as the coefficients of the lagged GDP terms are significant. The t-statistic of the ECT is also significant suggesting that there is long-run causality running from GDP to energy consumption. This explains that GDP plays a critical role in the OECD considering its impact on energy consumption. Strong causality hypothesis5 is also established as the interaction between the error term and the regressors is significant.
With GDP as the dependent variable, the total energy relationship shows that energy consumption also drives GDP in the short-run. The coefficient of the ECT is not significant hence it suggests that there is no long-run relationship between them. In conclusion, the results of the causality test of the total energy demand model suggests that there is short-run bi-directional causality between energy consumption and GDP and long-run uni-directional causality between GDP and energy consumption. This means that in the short-run, high economic growth will lead to high energy consumption in the OECD and vice versa. GDP will also drive energy consumption in the long-run as suggested by the t-stat of the ECT. Strong causality was also established in both models to further engender the reason to suggest strong relationship between the variables. The causality results of the electricity demand suggest that there is bi-directional short-run and long-run causality between electricity consumption and GDP with all the coefficients significant at 5% level. This result also shows the importance of electricity consumption on the GDP of OECD countries vice versa. By implication, any attempt by policy makers to implement strict energy reduction policies might have a negative effect on economic activity. For comparison and consistency, we proceed to estimate the specified VECMs using the one-step GMM estimator. The one-step Arellano and Bond (1991) GMM estimator has been described by various studies to produce more efficient results relative to other procedures (See Lee and Lee, 2010 , Constantini and Martini, 2010 and Liu, 2004 . The GMM is a form of instrumental variable estimator that uses instruments to correct for serial correlation between the error terms and regressors which the standard OLS cannot do. After testing for causality with GMM using variables lagged up to four periods as instruments to correct for serial correlation (see, for example, Lee and Lee, 2010) .
The results of the GMM estimation of causality in the total energy and electricity demand models are presented in tables 4.6.1 and 4.6.2. We find the results of the GMM estimation consistent with those of the OLS estimation except for the significance of the long run relationship between energy consumption and GDP. GMM finds that there is no long-run relationship between energy consumption and GDP with energy consumption as the dependent variable. This is contrary to the OLS result. More, so, the absence of a long-run relationship found in the GDP model using OLS is not consistent with our GMM results, GMM suggests the presence of a long-term relationship between GDP and energy consumption. Albeit these few inconsistencies, the direction of short-run causality is the same using both GMM and OLS. It can also be concluded that there is longrun causality between energy consumption and GDP as at least one estimator has found causality in both model specifications. The strong causality hypothesis also holds for the two specified models. In the electricity demand models, the results show that short-and long-run bidirectional causality exists between electricity consumption and GDP. The strong hypothesis also holds here as the joint significance of the error term and regressors are significantly different from zero. It stresses the importance of electricity consumption in economic growth in the OECD and these results are also consistent with the OLS findings. We thereby proceed to derive short-run elasticities.
CONCLUSION
This study investigated the nature or direction of causality between GDP, electricity consumption and total energy consumption in the OECD. Both the OLS and GMM estimators were employed to test for causality in the two models. It was discovered that bi-directional causality exists between energy consumption and GDP for the total energy demand model and between electricity consumption and GDP for the electricity demand model. These results are consistent with the findings of and Lee and Chang (2008) . According to literature, when energy consumption is found to cause GDP, the benefit of energy consumption far outweighs the externality cost of energy use. On the other hand, if GDP is found to cause energy consumption, the negative impact of energy consumption (e.g pollution) could hamper economic growth and social welfare. In our case, however, the discovery of bi-directional causality in the estimated models suggest that both energy consumption and GDP are important factors in economic development in the OECD. If misguided policy measures are made to reduce energy consumption through, for example, the imposition of carbon tax or pricing policies, it could have a detrimental effect on GDP which will slow down economic growth. A recommendation is for policy makers to concentrate on encouraging energy efficiency as a way to reduce energy and electricity consumption. This can be done through many ways; manufacturers and other stake holders can be encouraged to invest in more new fuels efficient technologies (e.g. electric cars, gas powered appliances) and the switching of fuels to cleaner and more efficient alternatives (e.g switching from coal6 to gas in electricity generation) without it bearing much burden on cost. Consumers can also be sensitized on the importance of energy saving approaches to use of appliance stock to help reduce carbon emission and its negative impact on the environment.
